Skin cancer is divided to melanoma and non-melanoma. Melanoma occurs due to deregulation of melanocytes. Melanoma is frequent in Caucasian population. During the last decade there is an increase in melanoma and in many cases there is a diagnostic challenge. Moreover; choosing the right treatment is a challenge for many patients. Malignant melanoma is known to be a lethal disease due to its aggressive capacity for metastasis and resistance to therapy. In the last decade, considerable efforts have gone into development of an effective immunotherapy for treatment of melanoma. The combination of macrophage activation and other treatments such as immunotherapy, surgery, chemotherapy, and radiotherapy, may provide an effective and comprehensive anti-melanoma strategy.
Introduction
Melanoma represents less than 5% of all skin cancers, however; it is responsible for the majority of skin cancer-related deaths [1] . It has been observed that Malignant melanoma tends to metastasize due to its aggressive capacity and also due to resistance to therapy [2] . Melanoma is a tumor that is recognized by the immunological system and mechanisms leading to an anti-tumor immune response of potential value in the adjuvant setting. Due to this fact treatment of melanoma is mostly based in the development of immunotherapy for treatment of metastatic melanoma [3] . In specific this observation has motivated investigation of interactions between melanoma and immune cells the consequently translation of this effect into several clinical strategies. The main mechanism includes phagocytosis of macrophages which play a critical role in nonspecific defense (innate immunity) and, moreover; they have a role as antigen presenters which also help initiate specific defense mechanisms (adaptive immunity) by recruiting other immune cells such as lymphocytes. It is known that macrophages are an important component of the innate immunity against tumors and they are attracted by locally secreted chemokines [4] . The mechanism of action is based on the activation of macrophages to defend against tumors by direct tumor cytotoxicity and consequently they secrete cytokines which recruit secondary immune Ivyspring International Publisher cells, presenting antigen to T cells [5] [6] [7] . Do date surgery is considered the most definitive treatment for early-stage melanoma, but it is rarely curative for the advanced stages of melanomas [8] . Currently immunotherapy is the best treatment, however; before this treatment modality, chemotherapy used to be the treatment of choice for metastatic melanoma and it was based on 2 FDA-approved drugs: fotemustine, dacarbazine [9] . In recent years, advances in the use of immunotherapy and targeted therapy have increased the survival benefit of patients. It has been observed that immunotherapy has the ability to enhance the duration of objective responses and provide extended prolongation of patients' survival [10] .
Current immunotherapy is based on immune checkpoint inhibitors targeting CTLA4 and, in the last 5 years in PD1/PDL1 interaction [11] . Furthermore; novel targeted therapies with MAPK pathway kinase inhibitors (KIs) have been developed thanks to the discovery that BRAF and NRAS mutations which are among the major oncogenic drivers of melanoma proliferation and survival [12] . In the last decade cell invasion is considered a therapeutic intervention and stimulated an era of intense research. As a result several regulators of melanoma invasiveness have been discovered. In the last decade the identification of genetic drivers of melanoma cell which regulate proliferation and survival -such as BRAF and other activators of the MAP-kinase pathway-along with the recent development of immunotherapy has taken away in many cases the invasive treatment of melanoma as an option. However, unfortunately the mechanisms of tumor cells have the ability to resist to immunotherapy and patients who relapse with acquired resistance to BRAF and MEK inhibitors often present with melanomas that display a much more aggressive and invasive phenotype [13, 14] . Moreover; it has been observed that not every patient responds to immunotherapy and different phenotypes have been observed to be linked to innate resistance containing signatures linked to an invasive phenotype [15] . Therefore, since there cases of resistant and aggressive melanoma phenotypes or resistance to therapy occurs during treatment targeted or invasive treatment should be considered. It has been observed that acquired resistance to BRAF inhibitors is usually characterized by reactivation of the MAPK pathway [16] . There are post-transcriptional adaptive changes which induce the development of drug resistance, these are mostly mechanisms involving non-coding RNAs [17] . In the current mini review we will include the most important molecular pathways and up-to-date treatment modalities in short.
Molecular Pathways
It has been observed that drugs targeting the MAPK pathway and immune checkpoint inhibitors are the best treatments which have demonstrated effectiveness in melanoma. However, until now these treatment modalities have not been compared directly to each other. To date available data suggest that the combination of BRAF and MEK inhibitors are the most effective treatment strategy [18] . Currently melanoma is classified according to oncogenic chromosomal aberrations, correlated with the site of the tumor and pattern of proliferation, into 4 distinct groups: non-CSD, acral (located on palms, soles and nail beds), mucosal (on mucous membrane) melanoma and Chronic Sun-Damage (CSD). It has been observed that Non-CSD melanoma has a 75% frequency of v-raf murine sarcoma viral oncogene homologue B1 (BRAF) mutations. Other gene abnormalities were, on the other hand, encountered in the other groups, such as c-Kit [19] , cyclin-dependent kinase 4 (CDK4) and cyclin D1 (CCDN1) [20, 21] . There is a previous classification system, the Clark's classification namely, which has proposed the stepwise theory of progression of melanoma [9] which has been adapted by many other systems [22] [23] [24] . Another theory of melanoma development is the Bishop theory [25] . In this theory it is explained that cutaneous melanoma occurs mainly due to DNA damage involving the region of cyclin dependent kinase inhibitor 2A gene (CDKN2A), as a result of exposure to excessive amounts of ultraviolet (UV) radiation from sunburn in early stages of life [25] . However, to date the genetic mechanism and the precise effect of the UV radiation in the development of cutaneous melanoma has not been fully understood. UV radiation stimulates DNA mutations and causes local damage by several mechanisms and induces apoptosis through a production of growth factors from skin cells [26] . Moreover; ultra-violate radiation is known to reduce the immunity and stimulates formation of reactive oxygen species in melanocytes locally [27] . It is known that one of the pathways involved in cutaneous cancer is mediated through CDKN2A which is a gene associated with melanoma dysregulation through its pro-oncogenic products p16INK4a (Cyclin-Dependent Kinase Inhibitor P16) and p14ARF (P14 alternate open reading frame) [28] . Furthermore; p16INK4a inhibits CDK4 and CDK6, and induces phosphorylation of the protein retinoblastoma (Rb) and liberating the transcription factor E2F which consequently result in cell cycle progression [29] . On the other hand; neuroblastoma RAS Viral Oncogene Homolog (NRAS) mutation is known to activate BRAF which results in an anarchic melanocyte growth [30, 31] . Several molecular pathways are known to be dysregulated in melanoma. It has been observed that in the MAPK pathway, the most commonly mutated proteins include RAS and RAF. It has been observed that this pathway when is activated by upstream signaling cascades [such as growth factor receptors and G-protein coupled receptors (GPCRs)], leads to cell proliferation, differentiation and migration. It has been observed in this pathway that a single-base missense transversion causes the replacement of valine with glutamic acid at amino acid residue 600 in BRAF that is detected in about 85% of nevi and melanoma [32, 33] . BRAF is a serine/threonine kinase that is part of the MAPK signaling cascade found downstream of RAS; it is known activate MEK by phosphorylation, which in turn activates ERK also by phosphorylation.
It has been observed that mutated BRAF not only upregulates its own kinase activity, but also that of MEK and ERK, which in turn promotes cell proliferation [34] . It has been observed that in addition to mutated BRAF, mutated NRAS accounts for about 20% of melanoma cases [35] . In a recent study it was presented in uveal melanoma a mutation in the GTP binding region of the G_ subunit (Q209L) blocks the cleavage of GTP to GDP and deregulates both MAPK and PI3K/AKT pathways [35] .
Moreover; it has been previously presented that transgenic mice harboring this mutated G_ subunit have increased skin lesions [36] . It has been observed that ectopic expression of metabotropic glutamate receptor 1 (GRM1) in melanocytes is sufficient to induce spontaneous melanoma development in vivo and transformation in vitro [37, 38] . Moreover; the ectopic expression of GRM1 mediated melanoma agenesis is independent of the genotype of either BRAF or NRAS [39] . Until now the mechanism by which the aberrant expression of glutamate receptor 1 in melanocytes leads to oncogenesis remains unknown. Glutamate receptor can be subdivided into three groups, group I, II, and III based on sequence homologies. It is known that through the binding of the natural ligand, glutamate, to the receptor leads to phospholipase C (PLC) activation via G-protein subunits G_q/G_11 [40] . In turn it induces the cleavage of phosphatidylinositol-4, 5-diphosphate (PIP2) to the production of two second messengers, inositol 1,4,5-triphosphate (IP3) and diacyl glycerol (DAG) [41] . Inositol 1,4,5-triphosphate then diffuses into the cytosol while DAG is connected to the membrane. Furthermore; inositol 1,4,5-triphosphate when connected to cytosol results in the interaction with the endoplasmic reticulum leading to an increase in calcium concentration within the cytosol. Moreover; it has been observed that elevated calcium levels and interaction of the membrane bound DAG with protein kinase C (PKC), activates PKC's kinase activity, which is known to regulate the cellular activity of MAPK [41] . The Groups II and III of glutamate receptor membranes are coupled to the intracellular G-protein subunit, these mediate the inhibition of adenylyl cyclase [40, 41] . Consequently the activation of group II or III glutamate receptor membranes reduce cAMP formation [40, 41] . Calcium and DAG activate protein kinase C, which, in turn, activates the MAPK and PI3K/AKT pathways which allow the upregulation of cell proliferation and anti-apoptosis signals [42] . Moreover; it has been observed that activated PI3K/AKT pathway functions in tumor cell by regulating; survival, angiogenesis and epithelial mesenchymal transition (EMT). It is known that the MAPK pathway plays important roles in melanoma pathogenesis [40] . In a previous study melan-A cells, showed increased cellular proliferation upon introduction of exogenous mutated BRAF (V600E), however no tumor formed [43] . Furthermore; it was observed that introduction of exogenous glutamate receptor membranes 1 into melan-A cells resulted in cell transformation in vitro and robust tumor formation in vivo [44] . In another study in a recently published study in an in vivo mouse model with conditioned mutated BRAF (V600E), glutamate receptor membrane 1 expression was detected after mutated BRAF expression was activated, however, no tumor was detected in these mice up to 17 months of age. These results suggested that the expression of mutated BRAF and GRM1 is critical in the determination of future tumorigenesis. There are also other drivers which regulate melanoma tumorigenesis. Moreover; the PI3K/AKT pathway also can contribute to melanoma tumorigenesis through mutations or loss in PTEN and dysregulation in expression of AKT, which positively regulates the G1/S phase progression in cell cycle, suppresses apoptosis and promotes cellular survival.
Previously in a mutated BRAF mouse model, ablation of PTEN led to melanoma development [45] , suggesting the PI3K/AKT signaling cascade is one of the critical players in melanoma turmorigenesis. Moreover; mutations in cyclin-dependent kinase inhibitor 2A (CDKN2A) have been observed to be common among human cancers including melanoma. It is known to encode two proteins; a) p16INK4a and b) p14ARF. P16 binds to cyclin-dependent kinases 4 and 6 (CDK4 and CDK6) and inhibits phosphorylation of Rb, which remains associated with the transcription factor, E2F. Alternate reading frame protein (ARF) complexes with mouse double minute 2 homolog 2 (MDM2), an E3 ubiquitin ligase that regulates the stability of p53 and therefore suppressing tumor growth, it is also involved in the immune response, by modulating the tumor environment [46] . Therefore, mutation(s) in alternate reading frame protein dysregulate p53 function and play a role in tumor immune evasion. It has been observed that c 4 (CDK4) gene amplification, is an independent oncogene, and is more common in acral and mucosal melanoma than the CSID and NCSID cutaneous melanomas [20, 47] . It has been observed that mutations or deletions of PTEN are concurrent with mutations in BRAF but not in N-RAS [20] . It has been previously suggested that N-RAS activates both the PI3K and MAPK pathway, while BRAF only activates the latter. This theory indicates that in melanoma pathogenesis and somatic mutations activate one pathway but require another event to activate other pathways [20] . Moreover; in addition to the various mutations that have been highlighted and interact in key component of signaling cascades, different types of RNAs have been shown to be involved in melanoma pathogenesis such as: miRNAs and lncRNAs [48, 49] . It has been observed that various miRNAs have been implicated in the processes of carcinogenesis leading to melanoma. Up-to date data the following miRNAs to be upregulated in melanoma: miR-101, -182, -221,  -222, -106-363, -106a, -92, -196, -21, -156, -214, -30b , -30d and -532-5p. Those shown to be downregulated or lost in melanoma are : Let7a and b, miR-31, -125b,  -148a, -211, -193b, -196a-1, -196a-2 , and -203 [50] . Furthermore, human melanoma cells previously were shown to have higher levels of the long non-coding RNA (lncRNA), SPRINGTLY, compared to normal human melanocytes [48] . In the study by Zhao and co-workers it was observed that stable clones isolated from introduction of SPRINGTLY in human melanocytes led to increased cell proliferation, reduction in apoptosis, invasion, colony formation, and development of a multinucleated dendritic-like phenotype. Moreover; in this study when siRNA was used to knockdown SPRINGTLY, a decrease in cell proliferation, invasion and increase in pro-apoptotic signals was detected [48] . Figures 1,2 
Discussion
It has been observed that currently the best treatment for cutaneous early stage melanoma surgical resection with adequate margins is the best choice [51, 52] . In the case of high risk features such as regional lymph node involvement, then adjuvant interferon alpha may be considered [53] . It has been observed that when melanoma patients undergo chemotherapy, there is the possibility that the tumors adapt and become resistant against monotherapies. Therefore, in order to increase the efficacy of therapeutic treatments, combination therapies are commonly administered. Previosly in a preclinical study BRAF inhibitor-resistant mutated BRAF melanoma cells were developed as an experimental model system to mimic BRAF inhibitor-resistant melanoma patients and to study the mechanisms of resistance. In this study these cells were treated with a combination of gamma secretase inhibitor and BRAF inhibitor, a reduction in cell growth and an increase in senescence was observed in these resistant cells. Moreover; when they were weaned off GSI during the study, there was an increase in cell growth [54] . Based on these findings it is suggested that a combination therapy, which inhibits both MAPK and NOTCH pathways, may improve the efficacy of melanoma patients who develop BRAF inhibitor-resistance, however; both inhibitors must be present to sustain the anti-tumor progression response. Furthermore; recently, anti CTLA-4 therapy in adjuvant settings has also shown increased benefit. It is considered that in advanced or metastatic disease, immune checkpoint inhibitors, such as anti PD-1/PDL-1 and CTLA4 should be the standard of care [55] . It is known that many drugs used in the treatment of various types of cancer including melanoma are targeting Met and hepatocyte growth factor (HGF) (or scatter factor (SF) pathways. Additionally, several studies indicated that Met inhibitors should be used in the treatment of cutaneous melanoma in different regimens/combinations [55] . Regarding cutaneous melanoma treatment, multitarget treatment should be considered targeting several molecular pathways at the same time instead of a single agent. These multi-target therapeutic strategies for the management of cutaneous melanoma suggest using combination of HGF/SF-Met inhibitors and chemotherapeutic drugs. Hepatocyte growth factor (HGF) (or scatter factor (SF) pathways -Met inhibitors could be used in combination with other treatment modalities such as; radiotherapy and/or immunotherapy in treatment of cutaneous melanoma. Currently it is suggested that radiotherapy should be considered when the wide excision of the primary site is not possible. Moreover; superficial melanoma, and mucosal melanoma can be treated with local radiotherapy [56, 57] . Previously published retrospective clinical studies and in vitro data regarding the association of radiotherapy with inhibitors of mutant BRAF kinase (vemurafenib) suggest a radiosen-sitization (cell cycle arrest in G1, DNA repair decrease, restore dradiation-induced apoptosis) and an increased radiation-induced toxicity [56, 58] . Radio sensitizers and novel techniques of radiotherapy have improved clinical outcomes in melanoma. However; more clinical trials are needed to clarify indications and therapeutic index. Moreover; understanding the mechanisms of migration, invasion and pre-metastatic formation is crucial on developing novel therapies and using correctly the current ones. Furthermore; current research in different melanoma exosome-specific proteins found in the circulating exosomes of patients have been shown to correlate with prognosis. These proteins can be used in cancer detection and estimation of prognosis. Moreover; advances in genome engineering through CRISPR/Cas9 technology will provide an effective platform on which to perform large-scale screens and identify new synthetic lethal partners. Building upon existing knowledge about gene pair interactions future drugs will be created. Future discoveries will include multimodality treatment. 
